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MIJNVENTILATOREN 


Voor onder- en bovengrondse op- 
stellingen levert Stork axiale mijn- 
ventilatoren, met tijdens bedrijf of 
stilstand verstelbare waaierschoe- 
pen. Hiermede kan de capaciteit, 
binnen een groot regelgebied, met 
een hoog rendement aangepast wor- 
den aan dc bedrijfsomstandigheden. 
Rendementen tot 90% zijn bij deze 


typen normaal. 


Ondergrondse mijnventilator met gedurende $ 
stand gelijktijdig verstelbare waaierschoep 
capaciteit 400 m? |sec. druk 500 mm w.k. 


HEN GEL ( 


Licentienemers o.a. in Amerika, Engelar 
Frankrijk en Duitsland werken nauw sam 
met het research-laboratorium van Sto 
in Hengelo, waardoor ervaring over e 
groot gebied en onder verschillende o: 
standigheden wordt verkregen. 
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"N. V. Color-Chemie 
bus 19, Arnhem. 


Uw kolenwasserij werkt rationeler, wanneer U snel 
een grondige zuivering van Uw kolenwaswater kunt 
bereiken. 


helpt daarbij 


Bij toevoeging aan het waswater geven de Sedipur- 
merken een versnelde sedimentatie van de vaste be- 
standdelen en een heldere overloop. 

U verkrijgt kolenvrije bergen en een verhoogde op- 
brengst van waterarme fiinkool voor de cokes- 


fabricage. 


De technici van de BASF staan U gaarne terzijde bij 
het beantwoorden van vragen over de zuivering van 
waswater en flotatieslik. 


Nadere gegevens worden op aanvraag toegezonden. 


Hoeveel zakken cement is 


een mensenleven waard? 


in het verkeer is &&en van de grote gesels die ons land (en andere lande 
teisteren. Het voornaamste middel om aan die gesel paal en perk te stellen 
de aanleg van meer en betere wegen. Betonwegen van Nederlands hoogovd 
cement zijn ideale wegen: sterk, duurzaam, vlak, stroef en licht van kle 


In het bijzonder die lichte kleur is in het donker van onschatbare waarc 
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GEOLOGIE EN MIINBOUW 


COAL MINING SECTION 
SECTION STEINKOHLENCERGBAU 
DHEERTEN 


1—2 May 1962 


For the benefit of many prospective subscribers to the convention who have their residence in 
southern Limburg or in adjoining areas of that coal-mining district, it has been decided to provide a 
separate two-day convention programme. 

This concise programme comprises lectures with discussions on technical coal-mining problems and 
also a choice of visits to underground workings and surface installations worth seeing for those 
interested in the newest developments in the district. 

We feel that those who are handicapped by a lack of time to attend a full-week’s convention pro- 
gramme or those who are barely intersted in subjects of a purely geologic nature may welcome the 
opportunity here given to join this attractive meeting. 

The enrolment fee for this event, which includes several festivities, will amount to Dfl. 40.- for 
each participant, (accompanying persons Dfl. 20.-). This subscription fee entitles the participants to 
receive all publications pertaining to this part of the convention only. 


The provisional programme is as follows: 
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PROGRAMMA 


Dienstag den 1 Mai 1962 


vormittag Empfang der Teilnehmer im Rathaus zu Heerlen 


nachmittag 


abends 


Ansprache von Herrn A. Hellemans, Generaldirektor der Staatsmijnen 


”Die Mechanisierung der Aus- und Vorrichtungsarbeiten; Erfahrungen, Ergebnisse und 
Entwicklungen in den Niederlanden” 
Vortrag von Herrn G. B. Debets, Betriebsdirektor der Oranje Nassau Mijnen 


"Der Stand der Fördertechnik in den Niederlanden” 
Vortrag von Herrn H. Le Clercg, Leiter der Maschinenbautechnischen Abteilung \ der 
Staatsmijnen 


”Forschungsarbeiten im Bergbau”. 
Vortrag von Herrn W. de Braaf, Chef der Bergbauforschungsanstalt der Staatsmijnen 


”Die Mechanisierung der Kahlengewinnung; Erfahrungen, Ergebnisse und Entwicklun- 
gen in den Niederlanden” 


Vortrag von Herrn A. W. Snell, Betriebsdirektor der Laura & Vereeniging 
Empfang beim Gemeindevorstand der Stadt Heerlen 


Diner im Hotel „Prinses Juliana” in Valkenburg, angeboten von der Königliche Gesell- 
schaft für Geologie und Bergbau. Tischrede von Herrn C. E. P. M. Raedts, General- 
direktor der Oranje Nassau Mijnen 


Mittwoch den 2 Mai 1962 


vormittag 


Untertagebesuch. Zu besichtigen sind wahlweise: 

l. verschiedene mechanische Strebe, u.a. auch mit hydraulichem Wanderausbau 
2. mechanische Vorrichtungen 

3. mechanische Ausrichtungen 


nachmittag nach Wahl können besichtigt werden: 


4. die Bergbauforschungsanstalt der Staatsmijnen 
5. Förderanlagen 
6. die weitmechanisierte Hängebank der Schachtanlage Hendrik 


The Organizing Committee 
Ir. A. A. G. Schieferdecker 
General Secretary. 
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DIRECTIONAL EFFECTS OF WAVES AND 
CURRENTS 


General remarks 


The transport of sand under the influence of 
waves and currents is a very complicated pro- 
blem, that has been studied by many authors, 
both by observations in nature and by tank 
experiments. It has been the subject of countless 
publications, e.g. in the papers of the Beach 
Erosion Board, the Proceedings of the Coastal 
Engineering Conferences, and various other 
periodicals and books. A very useful summary of 
the results and at the same time a most helpful 
guide into the literature was written by King 
(1959). In the following a short - and necessarily 
somewhat simplified - picture is given of the 
main points regarding this sand transport in 
general. 

Sand on the sea bottom can be set in motion 
by: 
1) the oscillating movement of the water par- 
ticles due to the passing of surface waves; 
currents caused by 'mass transport’ involved 
in the wave motion; 


2) 


3) other currents, caused by tides, wind drag 
etc. 


Where waves are present all three processes 
may work together. 

The period (t), length (A) and velocity of 
propagation (c) of normal gravity waves are all 
related to one another, an increase of wave 
length always involving an increase in wave 
period and in velocity of propagation. For waves 
below a certain height, in ”deep” water (depths 
greater than 1A A of the waves) the relation 
may be roughly expressed as: A (in metres) — 


1.56t? (in seconds) (in metres per 


second). 

Such ”deep water” waves have no direct in- 
fluence on the bottom sand. The water particles 
move in more or less circular paths, the dia- 
meters of which decrease rapidly with increase 
of depth below the surface, approximately ac- 
cording to the formula 2a = er in which 


aa = amplitude of oscillation at depth d, and 
h = wave height. 

Where waves enter shallower water, with 
depths less than VA A, they undergo various 
changes: the velocity of propagation and the 
wave length diminish, their height first de- 
creases a little, then increases appreciably, and 
their profile becomes different: steeper crests 
and wider troughs. Only the wave period re- 
mains the same. The water particles do not move 
any more, with roughly uniform (orbital) velo- 
cities, in circular paths, but, with varying velo- 
cities in ellipses, that, towards the bottom 
become flatter and flatter. Their foreward mo- 
vement i.e. in the direction of propagation of 
the waves (under the crests) becomes stronger, 
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but of shorter duration than their backward 
swing (under the troughs). 

The depth at which these changing waves 
start to set the bottom sand in motion depends 
on many variables: the grain size of the sand, 
the length, height, profile and period of the 
waves etc. Above a certain velocity of oscillation 
of the water particles ripple marks are formed. 
It seems that where there are no (unidirectional) 
currents in the water, the deepest ripple marks 
are approximately stationary and symmetrical in 
shape. In smaller depths, where the inequality 
between the foreward and backward motions of 
the water particles becomes more pronounced, 
the ripples tend to become slightly asymmetric 
and to migrate in landward directions, thus 
causing a landward transport of bottom sand. 

In still shallower water the foreward velocity 
of the water particles in the wave crests becomes 
eventually so large that at a given point it 
exceeds the velocity of wave propagation. The 
wave then starts to break. Two types of breakers 
eccur. In the plunging type the breaking takes 
place suddenly, at a single point. In the spilling 
type it is a more gradual process, which keeps 
on while the waves travel shoreward over vary- 
ing distances. The latter type often occurs with 
initially steep waves, such as are generated 
during local gales or storms. 

At the place where the water of plunging 
breakers comes down, a trough is usually eroded 
in the bottom. Immediately seaward of this 
trough a bar is formed. A part of the sand in 
this bar may be supplied by scour of the trough 
or the forelying beach. Another portion comes 
from deeper water, by the landward creep of 
sand due to the asymmetrical oscillation of the 
water particles along the bottom. 

Seaward of this bar others are normally 
present, produced during periods of larger 
waves. They may owe their origin more exclu- 
sively to the landward drag of bottom sand. Yet, 
even at these greater depths the bars may occa- 
sionally be influenced by transport of sand in 
seaward direction, though in these cases it must 
be caused by other effects than those of the 
plunging breakers or the backwash. 


As soon as the bars have reached a certain 
height, they start to influence the place of 
breaking of the waves. Thus, the gradual accu- 
mulation of sand in the most landward bar may 
cause, under certain conditions, a seaward shift 
of the breakpoint. Also, during severe storms, 
the deeper bars cause breaking at greater dis- 
tances from the shore. The waves then break 
not once, but in several successive zones, over 
each bar separately, the breaking being of the 


spilling type. On the other hand, the position 
of the bars is influenced, in its turn, by varia- 
tions in the dimensions of the waves. It has 
been observed that with heavy wave action the 
shallower bars tend to be displaced towards 
deeper water. 


After breaking over the most landward bar, 
the water is pushed up the beach as swash, to 
return, after reaching its upper limit, as back- 
wash, under the influence of gravity. The relative 
effects of swash and backwash depend on whether 
the slope of the foreshore is steeper or flatter 
than the equilibrium slope that corresponds to 
these waves. When, during periods of rough 
weather, the waves approaching the shore are 
high and steep and the breakers are more of the 
spilling type, the volumes of water flowing up 
and down the beach are great and the equilibrium 
angle of beach slope is small. With gentler 
waves and concomitantly smaller volumes of #% 
swash and backwash this angle is larger. The 
alternation of periods of rough and quiet weather 
causes therefore an alternation of sand transport | 
towards and away from the land. Where small, # 
quiet weather waves approach the beach and the 
original angle of the foreshore is too low, the fi 
sand carried up the slope by the swash is usually # 
deposited as swash bars, which tend to migrate | 
slowly up the beach. These swash bars may I 
disappear in a very short time when steep, high # 
waves set in. 


The above outline applies to sandy shores with 
an insignificant tidal range and for imaginary | 
cases where no currents complicate the situation. 
On many coasts, a.o. the Dutch North Sea coast, # 
there is an appreciable range of the tides. The 
system of bars is then hardly ever in equilibrium 
with the waves, even if the latter are completely 
constant for long periods. This is because the # 
velocity with which the bars can shift up and 
down the beach to adjust their position to the 
changing water level, is much slower than the 
rise and fall of the tide. Thus the "break point 
bars” of high tide may take over the role of 
swash bars at low tide. | 


The effects of currents on the movement of | 
sand over the sea floor and along the beach may 
be briefly summarized as follows. Part of the 
currents are due to drag by the same winds that 
cause the waves and to the mass transport of | 
the water, inherent in the wave motion. itself. 
Owing to the small depth in the Dutch near- ! 
shore waters, the force of Coriolis causes only | 
little difference in direction between the wind | 
drag (”drift”) currents and the winds them- 
selves. As to the mass transport, this is the result | 
of the circumstance that the orbits, described by 


the oscillating water particles are never quite 
closed. The foreward displacement of the par- 
ticles (in the direction of travelling of the waves) 
is always a little larger than the backward swing. 

Just like the direct wind drag, this mass 
transport tends to accumulate water along the 
beach if the waves move towards the land, or 
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away from it, if the waves are generated by 
land winds. With waves travelling more or 
less normal to the shore, the piling up of water 
causes a hydraulic pressure, which gives rise to 
undertow and rip currents. The former is a 
seaward flow of water below the surface, over 
the whole front. The rips are isolated currents, 


Photo IV — Dunes between Egmond and Bergen (scale appr.: 1 : 20.000) 
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extending from the surface downwards, in many 
cases as far as the bottom. Whereas the under- 
tow is mostly fairly sluggish, the rip currents 
may attain considerable velocities. 

It is obvious that the velocity of the wind drag 
currents increases with the strength of the winds. 
Since the mass transport at the surface is held 
to be approximately proportional to the square 
of the wave height, divided by the wave length 
(h2/2), it should be also of much more signifi- 
cance for locally produced steep sea waves than 
for the much longer swell waves, coming from 
distant areas of wave generation. The intensity 
of rip currents and undertow must vary accord- 
ingly. 

The distances between the rip currents depend 
also on the properties of winds and waves. With 
strong winds and heavy wave action, relatively 
few, but strong rips are produced, while with 
smaller waves the rips are also smaller, but more 
closely spaced. They are fed by longshore cur- 
rents, flowing towards them from both sides. 

Rip currents may move much sand in seaward 
directions. After reaching a certain distance 
from the shore, the current diminishes, or loses 
contact with the bottom. The sand may then be 
spread out and start its journey back to the 
breaker zone under influence of the direct action 
of the waves. 

The undertow by itself is probably too weak 
to cause much transport of sand along the 
bottom, but it may become a significant factor 


where sand has been set in motion or brought 
into suspension by waves. When local gales or 
storms produce high, steep waves, advancing 
towards the shore, the resulting seaward under- 
tow will be relatively strong. It may then cause 
a seaward transport of sand along the bottom, 
even though the direct influence of waves, due‘ 
to the asymmetric oscillatory motion of the water 
particles, tends to move the sand in the opposite 
direction. 

With strong land winds the water level 
along the coast will be lowered and a landward 
undertow will form. Since the waves generated 
by such winds in the coastal zone are small, 
owing to the short fetch, they will have 
little direct influence on the bottom, and the 
undertow may not be able to transport any sand. 
However, if long swell waves are present at the 
same time, the undertow may become effective, 
since the great length of the swell waves causes 
appreciable water motion at the bottom even if 
the wave heights are not large. The effects of 
various combinations of winds, swell and sea 
and the resulting bottom currents are shown 
schematically in fig. 5. 

Up till now the effects of waves and currents 
moving in directions approximately normal to 
the shore have been considered. Where the waves 
approach obliquely to the shore, the transport 
of sand along the bottom probably takes place in 
about the same oblique directions. It then com- 
prises a component normal to the shore and one 


No wind Onshore wind Offshore wind 
2 % 
—— —— 
No 
swell 
Low 
swell 
High 
swell 
=>wind ->wind waves "> mass transport at surface > asymmetry of oscillation 
— swell and undertow at bottom 
Fig. 5 — Schematic drawing of various combinations of sea and swell and the resulting 


flow of water. 


- parallel to it. The same holds true for the action 
of swash and backwash, moving at angles to the 
beach. Here the component parallel to the beach 
(beach drift) may be the most conspicuous. 
In this connection it must be remarked that 
_ waves which approach obliquely to the shore 
" undergo a change in direction when they enter 
. "shallow” water (depth < 1% A). The waves are 
then "refracted”, in such a manner that their 
direction of propagation becomes closer to a 
line standing at right angles to the depth con- 
tours. This refraction is much more pronounced 
for long waves than for short ones. 

The surface transport of water due to the 
oblique winds and waves causes, in shallow 
water, a current parallel to the shore. This long- 
shore flow represents a series of "feeders” of rip 
currents, all pointing in the same direction. It is 
strongest and most continuous, i.e. the least 
interrupted by rips, when the waves are short 
and high. The longshore current at the surface 
may be combined with a diagonal offshore 
movement at the bottom (undertow). 

Besides the currents that are the direct result 
of local winds and wave action, other types occur 
in the Dutch nearshore waters. The most im- 
portant ones are those caused by tides, the dis- 
charge of fresh water from the land, and the 
residual current at the surface which is the result 
of the general wind circulation over the whole 
North Sea basin and the adjoining seas. Their 
properties will be discussed in a later section. 
In many cases, they are not strong enough to 
cause much movement of sand, but combined 
with wave-action, they may result in important 
sand transport. Much of this transport takes 
place in directions parallel to the coast. It is 
especially concentrated in the breaker zone, 
where great quantities of sand are continuously 
stirred up in suspension. 


Wave observations 


In order to have an idea about the relative 
importance of the above mentioned agencies for 
sand transport along the Dutch coast, it is 
necessary to have quantitative data on their 
dimensions and directions. 

Wave observations have been made on board 
of the three lightships Goeree, Texel and Ter- 
schellingerbank, the positions of which are given 
in Table II. Since January 1, 1949, the period 
and height of the waves as well as their direction 
(expressed as one of 36 sectors of the compass) 
was observed every three hours. The heights 
were estimated visually. In cases where two (or 
more) systems of waves were observed simultane- 
ously, the system with the highest waves was 
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taken. The data were grouped together in 48 
Classes: 4 categories of wave period (< 5 sec, 
>5—<7se,>7—X< 9 sec and >9 sec), 
3 categories of wave height (< 2, 2-5, > 5 m), 
and 4 classes corresponding to the meteorological 
seasons (Dec. + Jan. + Febr., March + April 
+ May, June + July + Aug. and Sept. + 
Oct. + Norv.). 

For each of these 48 classes and for each of 
the 36 directions the total numbers of obser- 
vations during the 11-year period 1949-1959 
were computed at the Royal Dutch Meteorolo- 
gical Institute (K.N.M.l.). 

The frequency diagrams of the waves may be 
compared to those of the winds, as based on 
observations on the same lightships. From the 
degree of conformity some conclusions can be 
made with regard to the relation between wind 
velocity and wave type. As an example, the 
observations for the winter season at Goeree are 
given in fig. 6. 

It can be seen that the distribution of winds 
of Beaufort strength 1-5 corresponds more or 
less to that of the low, short waves (heights 
< 2 m and periods < 7 sec). The diagram of 
winds of Beaufort strength 6-7 is rather con- 
formable to that of the high, short waves (heights 
> 2 m, periods < 7 sec). As to the winds of 
Beaufort strength 8-12, their distribution agrees 
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Fig. 6 — Distribution of winds and waves over the 

various directions of the compass (Lightship Goeree, 

Winter, 1949-1959). Each vector gives the average for 
5 adjacent 10°-sectors, 
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more with that of the high, long waves (> 2 m, 


But 'sec). 

Fig. 6 also shows that the influence of fetch 
is least distinct for waves with periods shorter 
than 5 seconds and that it is greatest for long, 
low waves. 

The similarity in distribution of strong winds 
and high, short waves is also apparent from 
fig. 7, which gives the situation for the different 
seasons at Goeree. This figure proves at the 
same time that great differences exist between 
the seasons. The spring diagrams are characterized 
by the high frequencies of northerly directions. 
In the summer the directions are mostly south- 
west. The diagrams for fall and winter are more 
akin, except that in the winter the distribution 
is more strongly bimodal, owing to the greater 
frequency of easterly winds. At the other light- 
ships the same differences are found. 

The directions resulting from vector addition 
of the total numbers of wave observations for 
each sector of the compass) were calculated by 
the author, whereby, just as in the case of the 
wind observations, mentioned before, corrections 
were made for the intervals that the lightships 
were away from their stations. The results are 
given in Table IV. 

In addition, the vectors have been computed 
for 4 major categories of wave types (heights 
=2.andı>. 2/m,periods Ss .7 and >77 sec), 
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and for the whole period, regardless of the 
seasons. To obtain an idea about their signifi- 
cance, the same calculations were carried out for 
a shorter 5-year period, from 1949 to 1953, see 
Table V. 

From the data of these tables one may gather 
the following conclusions. 
1) There is fairly little difference in azimuth for 
the average resultant directions of the four main 
wave types between the 5-year and the 11-year 
period. The dissimilarity is smallest for the low, 
short waves and largest for the high, short waves. 
The small difference for the low, short waves 
may be attributed to the high total number of 
observations for this kind of waves. The dif- 
ferences are in almost all cases of such a kind, 
that the azimuths of the 5-year period are lower 
than those of the 11-year period. 
2) When comparing, for each of the 4 major 
wave categories, the resultant directions (over the 
11-year period), slight dissimilarities are observed 
between the three lightships. They may be partly 
the consequence of differences in fetch. 
3) Among each other, the resultant directions of 
the 4 major wave classes show differences that 
are approximately equal at all three lightships. 
The azimuths of these resultants increase in the 
order of: 
a) high, short waves, b) low, short waves, c) 
high, long waves, d) low, long waves (see also 
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Eie. 7 — Distribution of strong winds and high, short waves over the various directions of 
the compass during the 4 seasons (Lightship Goeree, (1949-1959). Each vector gives the 
average for 5 adjacent 10°-sectors. 


Rod >5—S7 sec 
Hod >7—<I sec 
hod >9 sec 


a SID see 


| 


od >5—<7 sec 
| 
| 
je >7—<I sec 
| 


hiod >)9 sec 


iiod < 5 sec 


iiod >5—<7 sec 


iod >7—<9 sec 


od >9 sec 


iod < 5 sec 


iod >5—<7 sec 


iod >7— SI sec 


iod >9 sec 


resultant number” is the theoretical number of observations for 
‚sorting percentage” gives the proportion of the resultant num 


Azimuth 


Res. number 1) 
Sorting perc. ?) 


Azimuth 
Res. number 


Sorting perc. 


Azimuth 
Res. number 


Sorting perc. 


Azimuth 
Res. number 


Sorting perc. 


Azimuth 
Res. number 


Sorting perc. 


Azimuth 
Res. number 


Sorting perc. 


Azimuth 
Res. number 


Sorting perc. 


Azimuth 
Res. number 


Sorting perc. 


Azimuth 
Res. number 


Sorting perc. 


Azimuth 
Res. number 


Sorting perc. 


Azimuth 
Res. number 


Sorting perc. 


Azimuth 
Res. number 


Sorting perc. 


Azimuth 
Res. number 


Sorting perc. 


Azimuth 
Res. number 
Sorting perc. 


Azimuth 
Res. number 


Sorting perc. 


Azimuth 
Res. number 
Sorting perc. 


369 


TABLE IV — WAVES 


Goeree 


Terschellingerbank 


<2 2—5 =5 


178° a92 — 178° 1552 185° 1535 = 
1193 33 — 837 2a — 1367 16 — 
42 6l 26 a — 38 43 = 


280° 258° 
941 424 
44 45 
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the resulting direction (length of vector). er hr 
ber to the total number of observations for all directions, 
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Fig. 8 — Resultant directions of the 4 main wave 
types on the three lightships, for the whole period 


1949-1959. 


Fig. 8). The resultant directions of the last named 
type of waves make only small angles with the 
long axis of the whole North Sea basin. If one 
takes into account that most of these waves must 


have undergone already some refraction before 
reaching the lightships, it follows that their 
original directions of propagation conform still 
more closely to that of this long axis. This is just 
what may be expected, since the low, long waves 
must be the ones that have travelled the greatest 
distances. 


Observations on currents 


Data about the strength and direction of the 
currents in the nearshore waters along the Dutch 
coast have been published by the Netherlands 
Hydrographic Service (Stroomatlas voor de Ne- 
derlandse kust). They are based on observations 
made during ”normal” weather conditions (no 
strong winds) and give the average velocities and 
directions for the surface layer of water, to a 
depth of about 3 metres. The data represent the 
combined effects of tidal currents, currents caused 
by run-off of fresh water from the land, and 
the residual flow in the North Sea mentioned 
above. Those due to the tides fcrm, of course, the 
most important element. 

The directions of these currents are, in the 
vicinity of the coast, mostly parallel to it, except 
in and off large estuaries and river. mouths. Only 
around slack tide, when the currents are weak, 
they may point towards or away from it. The 
variations of the velocities at a number of places 
is given in Fig. 9. This diagram is based on the 
data given in the Stroomatlas. It is seen that 


TABLE V — MAIN WAVE TYPES 
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Wave height (m) <2 >? 
Period <7 sec Azimuth DS 263° 

Res. number 3795 1398 
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Sorting perc. 79 68 
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Wave height (m) 


Res. number 
Period <7 sec Azimuth 
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Res. number 


Texel Terschellingerbank 
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along the islands of the Province of Zealand, 
where the tidal range is relatively great, the 
velocities are also distinctly greater than further 


to the north. 


It also appears from Fig. 9 (cf. Fig. 10) that 


the currents having the coast on their right side 
(the flood currents in most cases) are in general 
stronger than those flowing in the opposite direc- 
tion. This is the result of the superposition of 
the tidal currents on the "residual” current in the 
North Sea, which flows along the Dutch coast 
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from the direction of the Belgian border to that 
of the German border. Exceptions occur in 
distinct ebb channels, e.g. at Huisduinen, or 
where much fresh water flows to the sea, such 
as at Hoek van Holland (Rhine). Leaving these 
exceptions aside, it follows from Fig. 9 that the 
velocity of the residual current is of the order of 
a few kilometres per tide, or of some 10 cm/sec. 

Meanwhile, the above observations concern 
only the surface water. Along the bottom the 
current velocities are nearly always much smaller. 
Van Veen (1936) found, in the Straits of Dover 
and in the Vlie inlet, a variation of the current 
velocities with depths, approximately according 


5 

to the formula v = a Y h,h standing for distance 
to the bottom (metres) and a for the velocity at 
1 m above the bottom. It is interesting to apply 
this formula to the situation in front of the coast 
between Hoek van Holland and the Schulpengat, 
where the depths are greater when the current 
flows with the coast on its right side, than when 
it flows in the other direction. 

Off IJmuiden the northward (flood) current is 
strongest around high tide, while the southward 
(ebb) current reaches its greatest velocity ap- 
proximately at low tide. Now, the maximum 
velocity of the flood current, at 7 km off IJmui- 
den is on the average about 85 cm/sec, which 
would correspond according to Van Veen’s for- 
mula to a velocity of 49 cm/sec at 1 m above 
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Fig. 10 — Approximate average ebb and flood 

displacements (the vectorial sums of the subsequent 

movements of water particles at the place of. obser- 

vation) with the (hourly averages of) the currents, per 

tidal period. Solid lines: flood displacements. Dashed 
lines: ebb displacements. 
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the bottom, if the water depth is taken at 15 
metres. On the other hand, the maximum surface 
velocity of the ebb current of 70 cm/sec, for a 
depth of 13.4 m, would yield a bottom velocity 
(at 1 m) of 42 cm/sec. Thus, although the dif- 
ference at the bottom would be less than at the 
surface, the flood current would still be stronger 
than the ebb current. 

Along the shores of the Frisian barrier islands, 
the effect of different depths due to the tides 
must be very small, since here the moments of 
high and low tide are closer to the moments of 
slack water (Fig. 9). 

Meanwhile, more recent observations have shown 


; 
that the formula v = a Y h has probably only a 
very limited applicability. Quite different distri- 
butions of current velocity along the vertical may 
occur, owing to density stratification of the water, 
and (personal communication of Ir. J. N. SvaSek) 
according to whether the general flow increases 
or decreases in strength, due to the tides. 

Density stratifications, mostly resulting from 
unequal salinities, occur especially in river mouths 
and their vicinity, as well as in many large tidal 
channels of estuaries and in the Wadden Sea. 
They tend to increase the differences between 
surface and bottom velocities, at least during the 
ebb tide. During the flood tide the salinity stra- 
tification is usually less pronounced, causing also 
a smaller inequality between the strength of the 
currents along the surface and along the bottom 
(cf. Dorrestein, 1960 a.o.) The result is that at 
such places the average and maximum bottom 
velocities may be greater during the flood than 
during the ebb. 

In addition to the intricate relations between 
current velocities at the surface and along the 
bottom, there may be differences in direction of 
the currents, also in connection with salinity stra- 
tification. One frequently observes, especially 
around the time of slack tide, that the surface 
water is still flowing out with the ebb, while a 
flood current starts already to move in along the 
bottom. In such cases the directions of the two 
are often more or less diametrically opposed to 
each other. 

Dissimilarities in direction between surface and 
bottom currents occur also at greater distances 
from the inlets, in the open sea, though here the 
angle between the two may differ considerably 
from 180°. An example is given by Dietrich 
(1957). It concerns a place 18 km seaward of the 
island Texel. The angles between the surface and 
bottom currents are largest around the moments 
of slack tide. The phenomenon seems here also 
to be tied up with density stratification in the 
water. When the velocities increase again, after 


slack tide, the differences between the directions 
become much smaller, owing to the turbulent 
mixing of the water. 

Finally it may be mentioned that the situation, 
particularly in and near tidal inlets and river 
mouths is usually complicated by bottom relief 
features such as ebb and flood channels, in which 
either one or the other current direction predo- 
minates (see e.g. Van Veen, 1950; Van Straaten, 
1950, 1953a, 1960). 


Effects of currents and waves on sand transport 
along the Dutch coast * 


From the foregoing it follows that the patterns 
of surface currents are very complicated, and that 
very little is yet known about the patterns of the 
corresponding bottom currents. Accordingly, 
much uncertainty still exists with regard to the 
transport of sand along the bottom. 

It might be possible that along the open sea 
coast, the residual current, observed at the water 
surface, extends to the bottom, and causes some 
residual transport of sand to the north (-east), 
and then, along the Frisian islands to the east. 
Formerly it was generally believed that such a 
resulting movement of bottom water did take 
place all along the Dutch coast. Recent observa- 
tions on the sea floor in front of the mouth of 
the Rotterdam Waterway have shown that at 
least locally the net transport may be in the op- 
posite direction (Ferguson, Oudshoorn and Sva- 
Sek, 1961). 

Furthermore, the often noted preponderance of 
the currents of the flood over those of the ebb 
along the bottom of river mouths and in parts of 
tidal inlets, must cause sand transport into these 
apertures. Such a supply of sediment out of the 
open sea environment is indeed a well known 
phenomenon. Yet, the inward transport may be 
counterbalanced or even, in some cases, exceeded 
by transport in the opposite direction, owing to 
the special configuration of ebb and flood 
channels. 

With regard to the effects of waves and wave- 
generated currents, it has been stated already that 
little difference exists between. the resultant 
directions of the various types of waves at the 
three lightships (Fig. 8). Since, on the other hand, 
the trend of the coast varies considerably over 
this same distance, one may expect very unequal 
effects on the sand transport. 

For practical purposes one may distinguish 
between three stretches of the coastline: 


r In the following the expression longshore transport 
is used to denote the movement of material parallel to 
the shore, regardless of whether it takes place below 
the low tide level or on the beach. 
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‚zone I, from Cadzand to Noordwijk, where the 


general direction is approximately south-west 
—-north-east; 

zone II, between Noordwijk and Texel, with a 
more south-northerly trend and 

zone Ill, from Vlieland eastwards, which has 
directions between south-west—north-east and 
west— east. 


These different trends must be especially im- 
portant for the movements of sand parallel to the 


- shore. In the following the relative effects of the 


4 major types of waves on sand movement along 
the above chosen 3 parts of the coast will be 
discussed (see Fig. 8). 


1) The most frequent type of waves, with the 


‚greatest resultant number of observations, is that 


with short periods and small heights. In zone III, 
and to a minor degree in zone I, they may cause 


_ some longitudinal transport of sand on the fore- 


shore, owing to the oblique swash and backwash: 
In both cases this movement must take place in a 
direction from right to left when viewed from 
the sea. Some transport in the same sense may 
occur under the influence of longshore flow 
feeding rip currents. In deeper water these waves 
have little or no influence on sand movement. In 
zone II, between Noordwijk and Texel, there can 
hardy be any resultant longshore transport, 
because here the waves of this category advance 
towards the coast under average angles of close 
to 90°. 

2) The longshore movement of sand, owing to 
the long, low waves has probably an appreciable 
resultant toward the south in zone I, not only 
along the beach itself, but also in somewhat 
deeper water. Moreover, the waves have an in- 
direct effect on the sand movement parallel to 
the coast, viz. by stirring up the bottom sand, so 
that it can be displaced by the tidal currents, and 
hence can undergo a net transport owing to the 
residual current superimposed on them. This in- 
fluence is most pronounced in the breaker zone. 

Nevertheless, the effective frequency of this 
kind of waves is much smaller than in the case 
of the short, low waves, and hence their total 
effect is accordingly limited. In zones I and III 
the waves of this type have also components 
parallel to the shore, to the south-west and the 
east respectively. But the angle of incidence is 
on the average fairly small and the longshore 
movements of sand must be of less importance 
than in zone II. Along the beaches of zones I and 
II, the residual transport of sand owing to the 
direct influence of long, low waves must be even 
practically zero, because, in consequence of their 
great length, these waves are strongly subject to 
refraction. 
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3) Among the 4 categories, the high, short 
waves have the greatest effects on longshore 
transport, at least in zones I and III. In both areas 
the direction is from right to left when looked 
at from the sea. It takes place under the influence 
of beach drifting, longshore currents due to 
landward transport of surface water, oblique 
undertow and the direct action of waves on the 
bottom (ripple marks moving obliquely up or 
down the slope in front of the beach). In ad- 
dition, there is the indirect effect of these waves, 
consisting in the mobilization of the bottom sand, 
so that it can be displaced by currents. All effects, 
except the last named one, are much smaller in 
zone Il, where the resultant directions of these 
waves stand almost perpendicularly to the shore. 

4) The fourth type of waves, the high, long 
ones, have their greatest influence on longshore 
transport in zone III, very little in zone I, and 
hardly any direct effect in zone II. The effect, 
due to the combination of these waves with the 
residual current, is less influenced by the varying 
directions of the coast. Because of the great height 
and length of this kind of waves, this influence 
extends to appreciable depths. 


It must be remarked that the distribution of 
waves at the lightships cannot be used without 
restrictions to explain the situation along the 
shores. Apart from the influence of refraction of 
the waves in shallow water, which was already 
mentioned, there are local complications, e.g. 
those caused by the presence of large tidal inlets 
and outer tidal deltas in zones I and III. Some of 
tbem are dealt with in the course of the next 
SECLIONS. 


Summing up, it may be deduced from the wave 
data that the transport of sand along the foreshore 
and below low tide level must have a considerable 
longshore component towards the east in zone 
III, and a smaller one towards the north-east in 
zone I. Only little residual longshore transport 
can be expected in zone II. Here, the high short 
waves and the difference in strength between 
northward and southward currents tend to move 
sand towards the north, but the long waves act 
in the opposite direction. 


The above conclusions are strictly applicable 
only to the situation during the period of obser- 
vation, from 1949 to 1959. It is evident that 
during earlier periods the waves must have had 
different resultant directions. But the differences 
can hardiy have been very great, and it may be 
assumed that the recent observations give at least 
a fairly approximative idea of the average con- 
ditions for the whole Subatlantic period. 

It must be pointed out that, although the above 
conclusions give at least a general idea about the 
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influence of waves on transport of bottom sand, 
much uncertainty still exists with regard to the 
actual residual motion of sand, especially in deeper 
water, because so little is yet known about the 
bottom currents (other than those directly re- 
sulting from wave action). 

In addition to the effects of waves and currents 
one has to count with the direct effect of the 
winds. Their influence on transport of sand 
parallel to the shore is often somewhat neglected. 
Strong winds may move enormous quantities of 
sand over the beach, even when they are accom- 
panied by some rain. It was shown above that the 
resultant directions for winds of Beaufort 
strengths 8-12 (during the period 1949-1959) 
had azimuths of, on the average, about N 260° E. 
This means that at all points of the coast they 
must result in residual transport from right to 
left, when viewed from the sea. It must be 
strongest along the beaches of the Frisian barrier 
islands and least important along the shore of 
zone Il, between Noordwijk and Texel. However, 
a part of the wind-blown sand is lost for longshore 
transport by escaping inland in the dune areas. 
On the island shores in zones I and III a part of 
this loss may be only temporary, because some of 
the dune sand is blown back onto the beaches or 
in the water on the down-drift side of the islands. 


Coast protection and directional features 
of beach morphology 


The effect of the above described tendencies 
towards longshore transport of sand is at some 
places diminished by the presence of artificial 
structures. The most important ones are the 
harbour moles at IJmuiden, Hoek van Holland 
and Scheveningen. The first named two reach to 
depths of more than 6 metres, and reduce the 
longitudinal sand movements to fairly low values. 
Furthermore, several parts of the coast are pro- 
tected by groynes, which limit the sand movements 
in shallow water and on the beach. 


This reduction of the longshore transport is of 
course most essential at places where the coast 
tends to retreat in consequence of the removal of 
more material in downdrift direction than is 
supplied from up-drift. But in many cases the 
difficulty is in this manner passed on to the un- 
protected stretch of beach on the down-drift side. 
Thus the building of some groynes often neces- 
sitates the building of many others, until a point 
is reached where the coastline changes its direc- 
tion, or where other changes, e.g. of submarine 
topography, take place. 


An example is probably the situation at Sche- 
veningen. Between Hoek van Holland and Sche- 
veningen a continuous series of groynes is present. 
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Fig. 11 — Development of beaches at IJmuiden, 
Scheveningen and Hoek van Holland (after aerial 
photographs). 


From Scheveningen to Katwijk the coast has 
practically the same direction, but there are no 
groynes. The result is a retreat of the shore in 
the area where the longshore drift is most 
strongly underfed, i.e. directly north-east of the 
last groyne(s) at Scheveningen. Yet, since these 
groynes were built, about 60 years ago, the total 
recession has been not more than some 100 
metres ?. It follows that the importance of long- 
shore transport along this part of the coast is still 
rather slight. 

It is, therefore, not surprizing that the more south- 
north oriented shoreline between Noordwijk and 
Bergen aan Zee needs no protection at all. 


® A few smaller groynes have been added since then. 
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Nevertheless, from Bergen to Huisduinen, where 
the general trend is about the same, groynes had 
to be built again, because of a systematic tendency 
of the shore to recede. 


In the vicinity of Huisduinen this might be 
mainly due to erosion by tidal currents flowing 
in and out of the inlet between Huisduinen and 
Texel. The erosion could be enhanced by the 
temoval of sand owing to beach drift from south 
to north, because the outer delta, belonging to 
the inlet, diminishes the effect of waves coming 
from the north-west and north, thus causing a 
relative increase of the effect of the south-westerly 
waves. Directly south and north of the Honds- 
bosse Zeewering (between Camperduin and Pet- 
ten) the beach regression may be caused primarily 
by the slight convexity of the coast to the west. 

It is a well-known fact, that at many places 
along the Dutch coast the beach shows an 
unequal development on both sides of artificial 
structures, such as harbour moles and groynes. A 
strongly pronounced asymmetry is found at Hoek 
van Holland (Fig. 11). Along the southern har- 
bour mole the beach extends almost to the end 
of it, while along the northern mole it is rela- 
tively narrow. 


This asymmetrical development can be due, in 
principle, to several factors. One possible factor 
is the existence of a residual movement of sand 
(accumulation of material on one side, resulting 
in widening of the beach, and underfeeding on 
the other side, resulting in narrowing). Another 
factor may be the difference in size and position 
between the eddies, formed during the flood tide 
on the northern side of the structure and those 
produced during the ebb tide on the southern 
side. A third factor may be the unequal effect of 
waves. The mouth of the Rotterdam Waterway 
more or less coincides with the north-eastern end 
of a large shallow area, formed by the complex 
of outer tidal deltas lying in front of the southern 
estuaries *. Accordingly, the slope of the sea floor 
in front of the beach is much steeper on the 
northern side than on the southern side. 


At IjJmuiden the intensity of longshore 
transport must be much weaker owing to the dif- 
ferent direction of the coast. Moreover the eddies 
on both sides of the harbour entrance are roughly 
equal in size and there is no appreciable difference 
in slope of the sea floor in front of the shore. As 
a matter of fact the beach has approximately 


4 This peculiar situation may be at least partly 
responsible for the fact that measurements of sand 
transport along the bottom by radioactive tracers (Fer- 
guson, Oudshoorn and Svasek, 1961), at depths > 6 m 
around the waterway entrance, show locally a residual 
movement in southwesterly direction. 
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31 May 1944 ‘5 110 Sept.1944 


[| 18 Mar.1945 


Fig. 12 — Influence of groynes on beach development 
at Kijkduin (after aerial photographs). 


equal widths on both sides of the harbour. 

However, one circumstance complicates the 
situation somewhat, viz. the dredging in these 
harbour entrances. The material that is carried 
into them by natural forces is taken out by man 
and deposited to the north of them. Yet, the 
effect is not large, since up till recently most of 
the dredged sediment was dumped in water 
deeper than about 7 metres. Measurements have 
shown that at this depth the dumps are only very 
slowly eroded. 

The symmetry or asymmetry of the beaches 
relatively to these great structures are more or 
less permanent features. The influence of the 
small groynes, on the other hand, is seen to vary 
from time to time, probably under influence of 
changes in weather conditions. At the end of a 
period of relatively strong wave action from 
northerly directions, such as occur in the spring 
season, the asymmetry of the beaches may be 
different from that produced by long periods of 
dominantly south-westerly waves. 

Thus the beach morphology at Kijkduin, as 
seen on aerial photographs of 18 March 1945 
(Fig. 12) could point to sand drift from north- 
east to south-west under the influence of north- 
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erly waves, whereas the residual drift for the 
whole year is supposed to be in the opposite 
direction. 

It must be admitted, though, that the topic of 
beach morphology in relation to such groynes 
along the Dutch coast has yet to be studied in 
detail before it may be used to draw definite 
conclusions about directions of sand drift. One of 
the problems involved is the relative importance 
of eddies due to tidal currents and the oblique 
approach of waves. As to the beach at Kijkduin, 
it may be remarked that here the cufrents move 
north-eastward at high tide and south-westward 
at low tide. The influence of the currents on the 
upper part of the beach is therefore dominantly 
from south-west to north-east, while the lower 
part of the beach is alternately affected by north- 
eastward and by south-westward currents. 


A feature of beach morphology which gives 
perhaps more reliable indications of the sense of 
beach drift is the oblique position of gullies 
cutting through the "balls” (swash bars etc.) on 
the beach, at least along parts of the coast where 
no groynes or other artificial obstacles are present. 
During emergence of the beach these gullies are 
the outlet channels for the swales that lie on the 
landward side of the balls, while during sub- 
mergence they may serve as rip current channels. 
In the absence of beach drifting the outlets are 
placed about at the central parts of the swales. 
Halfway between them one finds a kind of 
divide. However, where longshore transport is 
strong, the outlets are displaced in the direction 
of the drift, by accretion of the down-drift ends 
of the balls, and they tend to point obliquely 
seaward, see e.g. Photograph II. 


Now, it is a striking fact that along the shores 
of the Frisian islands the position of the outlet 
gullies indicates almost everywhere a sand drift 
from west to east. This is in good agreement with 
the conclusions based on the wave data from the 
lightships. Exceptions occur on the western ends 
of the islands, lying in the shelter of the outer 
deltas. The conclusions drawn on account of the 
oblique direction of the outlet gullies are corro- 
borated by the evidence provided by transverse 
megaripples, wherever these latter are present in 
the swales (see Van Straaten, 1953a, b). 

It may be added that the above orientation of 
the gullies takes place in spite of the effect of 
the tidal currents. For, along these islands, the 
moment of low tide coincides roughly with the 
end of the ebb current flowing from east to west. 
Therefore, each time the ridges (balls) emerge, 
they have been influenced by the maximum 
duration of current action in a direction opposite 
to that of the residual drift, 


On the other hand, between Noordwijk and 
Bergen aan Zee, the orientation of the outlet 
gullies as seen on aerial photographs indicates 
frequently a drift from north to south, i.e. con- 
trary to what is generally supposed to be the 
resultant direction for the whole year. It would 
follow that this latter drift, from south to north, 
can be of only small magnitude. The same con- 
clusion was reached on account of the wave data 
and of the beach symmetry with regard to the 
harbour moles at IJmuiden. 


Beach measurements and changes 
of the coastline 


All along the Dutch coast reference piles have 
been driven into the beach sand, at intervals of 
1 kilometre. Every year the distance of the low 
tide line, the high tide line and the base of the 
dunes to these piles is measured, as well as the 
level of the beach at the place of the piles. In 
the province of North-Holland these observations 
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were started in 1843, in South-Holland a few 
years later. 

A study of the measurements, up till the year 
1906 was made by Wentholt (1912). He calcu- 
lated, for each pile, the average distance to the 
low tide line during 10 consecutive years, at 
intervals of 10 years, and noted their increase or 
decrease, see Fig. 13. It is seen from his data that 
there has been a stage of general (landward) 
retreat of the low tide line, preceded and fol- 
lowed by stages of general advance. 

The present author has recomputed such 
averages for the part between Hoek van Holland 
and Huisduinen, and extended the series to the 
present time. The method of presentation of the 
data is slightly different from that of Wentholt. 
Instead of taking the average distances to the 
low tide line for each pile separately, the averages 


a 


of groups of 5 successive piles are considered, 
in order to reduce the influence of occasional 
isolated bulges or identations of the beach. 
Furthermore, the 10-year averages are given for 
each successive year, so that a more accurate 
determination of the stages of advance or retreat 
is possible. 

One would perhaps expect a distinct relation 
between the position of the low tide line and the 
time of the year in which the observations were 
made. At the end of the summer the width of 
the beach might be greater than at the end of the 
winter. Now, the great majority of the obser- 
vations have been made in the months of April 
to October. To find out whether in these 7 months 
systematic shifts of the low tide line occurred, 
corresponding to changes in average wave con- 
ditions, two pile-groups have been chosen, for 
which the distances (to the low tide lines) were 
plotted against the days of the year at which the 
measurements were made. Only those periods 
were taken in which the 10-year averages were 
approximately constant, so that the distances 
were not affected by long-term regressions or 
progressions of the beach. 

It is seen (Fig. 14) that no clear relation 
between the two exists. By another method the 
same conclusion was reached for the periods in 
which the beach did show such long-lasting 
variations. It follows that the influence of the 
time of observation on the position of the low 
tide line can be neglected. 


The variation of the 10-year averages for 
several groups of piles are given in Fig. 15. It 
shows that between the groups km 43 (Egmond) 
and km 94 (Scheveningen) there was a general 
advance from the beginning of the observations 
till about 1866. Then came a period of retreat, 
lasting some 12 to 20 years, followed by a distinct 
advance, which gradually decreased to insig- 
nificant values in the first decennium of the 20th 
century. A second, minor regression of the low 
tide line took place later on, having its maximum 
around 1928. 

At group km 28 (Camperduin), and to a 
smaller degree at group km 33 (Bergen aan Zee), 
these variations were superimposed on a general 
retreat of the low tide line. Here, groynes have 
been built since then, which seem to have slowed 
down (km 28) or stopped (km 33) further 
regression of the beach. 

These changes in the position of the low tide 
line coincided with less distinct changes in the 
same sense of the high tide line. The base of the 
dunes was hardly influenced at all, see Fig. 16. 
This must be partly due to the general steepening 
of the profile from seaward to landward. A shift 
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of the contour lines on the higher parts of the 
beach requires the displacement of much greater 
quantities of sand than an equal shift of the low 
tide line. Moreover, the total length of time when 
these higher portions of the beach are affected 
by the waves is relatively small. 

It is interesting to compare these data with the 
meteorological observations made in the same 
periods. Some information about the climatic 
fluctuations during the last century has been given 
in Fig. 4, copied from Labrijn (1945). This 
diagram is based on 30-year averages, in accor- 
dance with the definition of climate (the average 
meteorological conditions of a period of 30 con- 
secutive years), and therefore it does not show 
the shorter fluctuations. The present writer used 
the data published by Labrijn in 1948, to cal- 
culate the averages for overlapping 10-year 
periods, in correspondence to 10-year averages of 
the beach conditions given in Fig. 15. 

The results are presented in Fig. 17. It is seen 
at first glance that a distinct relation exists 
between the average positions of the low tide line 
and various meteoroloeical data. Thus the stage 
of relatively narrow beaches around 1880 more 
or less coincided with a stage characterized by 
relatively. frequent south-westerly and westerly 
winds, by much precipitation and by a low mean 
annual temperature. Unfortunately, no data are 


available concerning variations in the distribution 


of winds of different velocities during this period. 


It seems likely, though, that a greater frequency 
of winds from the south-west and west is in 
general accompanied by a more frequent occur- 
rence of storms from these same directions. 

By a closer inspection of Fig. 15 one observes 
that the most landward position of the low tide 
line occurred earlier in the north (1876 to 1880 
for the groups km 28 to 64) than in the south 
(1880-1888 for the groups km 74 to 94). It is 
impossible to give an explanation for this south- 
ward shift. Both longshore drift and residual 
movements of sand normal to the coast may have 
been involved, but nothing is known about the 
relations between the two, since there are no data 
on the submarine topography during these times. 


It was concluded above that the littoral drift 
along the Dutch coast is most intense in zone III, 
the part formed by the Frisian barrier islands. 
Here, the longshore transport does not only affect 
the position of the beach along the open sea, but 
also that of the shores of the tidal inlets. Thus 


. 


the eastern shore of such an island may prograde, 


owing to supply of sand from the up-drift side, 
while the opposite bank, of the next island, may 
tend to recede. 


It must be admitted that the situation is greatly 
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Fig. 15 — Changes in position of low tide line between Camperduin and Scheveningen from 1843 to 1958, 
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zontal scale corresponds to 20 metres. 
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complicated by other factors influencing the 
lateral shifting of the shores of the inlets, e.g. 
widening or narrowing of the inlets, splitting up 
due to the accumulation of sand in the central 
parts, variations in the removal from or supply 
to the interior of the Wadden Sea and/or the 
outer tidal deltas. Yet, in general there is a ten- 

dency towards eastward migration of the inlet 
shores and hence also of the islands in between. 


pletely disappeared in the waters of the inlet. 
Another example is found on Schiermonnik- 
008. On the western part of this island a village 
existed up till the beginning of the 18th century. 
Now the shoreline lies some 24% kilometres more 
eastward (Fig. 18), and there is only one village 
on the island, on the present western end of it, 
with the significant name of Oosterburen 


An example is the western part of Ameland. 
Here, the beach has been cut back over a con- 
siderable distance, whereby, a few decennia ago, 
the remains became exposed of the medieval 
village Sier. This village was originally built on 
the inner side of the dunes, but had to be aban- 
doned when it became buried by sand owing to 
the eastward wandering of these dunes. At 
present no remains of it are left. They have com- 


(Eastern Housings). Together with this erosion 
of the western shores, both islands tend to accrete 
at their eastern ends (cf. Isbary, 1936). Similar 
migrations are known e.g. from Rottumeroog, 
and from German barrier islands (see Dewers, 
1941 a.o.). 

The longshore transport does not necessarily 
lead, under all circumstances, to eastward migra- 
tion of the western and eastern shores of the 
islands. This would be so if all sand moved by 
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littoral drift along the open sea beaches was 
deposited more or less permanently on the down- 
drift side of the islands, and no transport was 
possible across the inlets. In reality such transport 
does occur, though in very complicated ways, with 
many zigzag movements under the influence of 
the alternating ebb and flood currents and of the 
relief of ebb and flood channels. Moreover, there 
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2: m » „ „ 1750 
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km 


Fig. 18 — Eastward migration of Schiermonnikoog. 
Black: Dunes fixed by vegetation. After Isbary (1936). 


is a probably even more important exchange of 
material with the interior of the Wadden Sea. 


The sand transport across the inlets, or along 
the outer tidal deltas takes often place in the 
shape of the migration of large shoals. While 
such a shoal moves from west to east along the 
arc Of the outer delta, the channels bordering it 
on both sides tend to become gradually shallower. 
This is the result of the propagation of the tidal 
oscillation from west to east (Van Veen, 1936). 
Eventually the channel on its eastern side 
degenerates completely and the sand bank becomes 
attached to the island bordering the inlet on the 
east, thus causing a sudden, temporary accretion 


of the latter against the direction of the longshore 
drift. 


A well known case is that of the Noordvaar- 
der. In the last decennia of the 17th century this 
shoal was still lying directly north of the north- 
eastern end of Vlieland. Around 1850 it became 
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Fig. 21 — Grain size frequency distribution of samples in vicinity of IJmuiden 


Figures on left of diagrams: depth in metres. 
Figures on right of diagrams: station numbers (see Fig. 19). 
D = Beach samples mentioned by Doeglas (1950). 
Horizontally: percentages. The lines connect the percentages of the material finer than successively 50, 105, 150, 
210 and 300 u. 
Heavy line: relation of numbers of living molluscs (>2.5 mm) to total numbers of living + dead molluscs 
(> 2.5 mm), in percen tages (see Table VI). 


under the influence of wave action. From the 
data obtained on the lightships it appears that 
waves with periods of more than 9 seconds and 
heights equal to or exceeding 2 metres occur in 
approximately 0.3% of the time, or once in some 
125 observations. Waves with equally long periods 
but with heights of 5 metres and more are 
observed in circa 0.6% of the time, or once in 
about 1700 cases. 


Now, the length of the waves, having a period 
of 10 seconds, at a depth of 20 metres (the 
average depth at the lightship Goeree) is of the 
order of 120 metres. It may be assumed that in 
such cases the velocities of the water particles 
along the bottom have maxima of at least some 
50 cm/sec if the waves are 3 metres high, and at 
least some 80 cm/sec if they are more thans 5 
metres high. These velocities are quite sufficient 
to move sand of all grain sizes. The highest waves 
may even move pebbles. 


It is also likely that the foreward movement 
ot the water particles due to such shallow water 
waves is notably stronger (but shorter) than the 


backward motion. Hence, as far as the direct 
influence of the waves on the bottom is con- 
cerned, they could easily cause, at 20 metres 
depth, some transport of sand in shoreward 
direction. 


There are as yet no certain indications that 
such a transport actually takes place at this depth, 
but it is probable that it occurs at any rate in 
somewhat smaller depths of 15 to 10 metres. This 
would follow from the grain size distributions 
of a number of samples procured by the writer 
from the North Sea floor in the vicinity of 
Ijmuiden (Figs. 19, 20, 21). In front of this part 
of the coast, at distances of more than 21% to 3 
kilometres, a broad area is present, which is com- 
posed of relatively coarse sands of a rather 
uniform texture. The grain sizes are about the 
same of those of the present beach sand. 


However, in shallow water, between the beach 
and the area of coarse sands on the sea bottom, 
a narrow zone is found where the sediment is 
distinctly finer grained. Here it also contains 
significant amounts of mud, partly in the shape 


of definite mud laminae 5. The grain size distri- 


In each sample the curves can be 
broken up without difficulty into two com- 
| ponent curves, one corresponding to those of the 
deep water sands”, with medium diameters of 
‚200 to 250 u, and one with a smaller medium 
diameter, Iying between 100 and 150 u. In the 
‚series of samples south-west of IJmuiden, the 
total amounts of the coarse component are seen 
‚to decrease more or less gradually from deep 
"water to depths of about 5 metres. North-west of 
IJmuiden this decrease stops already at 10 to 13 
“metres depth. The coarse grains in these mixed 
sediments have the same rusty, yellowish 
appearance as those of the sands in deep water. 
The fine material is of a more greyish colour. 

It thus seems most likely that much of the 
coarse grained sand in the zone of mixing, at 
least in the lower parts, is derived by wave action 


have been brought along mainly by longshore 
transport. The coarse sand of the beach and of 
the shallowest part of the sea just below the low 
‚ tide line is probably also chiefly supplied by 
“transport parallel to the coast. The latter con- 
clusion is partly based on evidence from borings 
in the barrier deposits (see later). 

The deposition of the muddy admixtures, at 
depths of 5 metres and more, takes probably 
partly place around the times of slack water, 
when the velocities of the tidal currents are at a 
minimum or even zero. In normal circumstances 
most or all of the mud that has settled to the 
bottom at these moments must be taken up in 
suspension again when the currents increase in 
strength. But under special conditions a small 
part of it may resist erosion, e.g. by burial under 
sand supplied by these same currents. Another 
part of the bottom mud may escape immediate 
erosion because it has been deposited in the shape 
of faecal pellets, produced by suspension feeding 
molluscs and other organisms. These pellets may 
reach diameters of 1 or more millimetres, so that 
they behave hydrodynamically as rather coarse 
sand grains. 

The remarkable phenomenon that the deposi- 
tion of appreciable amounts of mud is more or 
less limited to a narrow belt parallel to the coast, 
the mud content of the sediments in deeper water 
being suddenly much smaller, may be the result 
of three circumstances. 

The first one is the distribution of the living 
molluscs. It is seen in Table VI that they are 


5 Such mud laminae were also found by the author 
at depths of 10 to 15 metres on the sea floor north 


of Schiermonnikoog- 


from the deeper sea floor. The fine material may 
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abundant at depths of some 8 to 13 metres, i.e. 
just in the muddy zone. In deeper water they are 
much less frequent, though the dead shells are 
still very abundant. This means that the produc- 
tion of faecal pellets must also have a maximum 
in depths between about 8 and 13 metres. 


The second circumstance is that the beach on 
both sides of IJmuiden has slowly prograded 
since about 1880, whereby the low tide line has 
shifted over an average distance of some 50 
metres. It may be supposed that this migration 
has been accompanied by a raising of the sea 
floor directly in front of the coast. Thus the con- 
ditions were favourable for occasional burial of 
mud below sand layers, and the longer such layers 
or Jaminae of mud are preserved, the more they 
become compacted and resistant to later stages of 
erosion. But, with increasing distance from the 
shore, the slope of the sea floor becomes smaller 
and smaller, the rate of vertical accretion dimin- 
ishing at the same time. Thus, beyond a certain 
point, or rather zone, its influence on the pre- 
servation of mud laminae is no longer visible. 
The depth of this zone is largely determined by 
the character of the waves. 


Finally, the concentrations of suspended mud 
in the water may also play a part. At the water 
surface a strong increase in mud content is found 
when approaching the shore. During the work at 
sea off IJmuiden (6-10 Oct. 1960) which was 
carried out during quiet weather conditions, the 
Secchi disc readings were roughly: 5 m at 15 km 
offshore, 4 m at 81% km, 3 m at 4 km, 2 mat 
112 km, Ya m at 1 km. Close inshore the water 
was therefore much muddier than farther out. 
That this is the normal situation may be con- 
cluded among other things from the study of 
aerial photographs. 


No data are known to the author with regard 
to the turbidities of the bottom water. Theoret- 
ically, it could be, of course, that along the 
bottom the mud contents are more or less equal 
at all depths. But this is not very probable. It 
seems more likely that a similar, though pre- 
sumably less strong gradient is also present in the 
deeper water layers. The situation might well 
be as follows. At the surface, the suspended 
material tends to be concentrated towards the 
shore owing to the mass transport involved in 
the waves (at least when these advance in shore- 
ward direction). In the nearshore area this flow 
passes into a seaward undertow. While it thus 
creeps along the bottom, appreciable quantities 
are stirred up again towards of the surface, in 
consequence of the turbulence caused by waves 
and tidal currents. The part of the suspended 
mud that hereby reaches the surface is moved 
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again towards the shore by the mass transport of 

the waves. If this hypothesis is correct, the con- 

‚centration of suspended matter in the bottom 

water must gradually diminish in seaward direc- 

tion owing to the constant losses by turbulence 

"in upward directions. 

- When such a decrease of the contents of 
suspended mud in the bottom water is present, 
it is only natural that also the quantities of mud 

"in the bottom sediment decrease. For, the thick- 

. ness of the mud laminae that are formed at slack 
tide must vary accordingly, and the thinner the 
deposit, the smaller its chance that something of 
it remains on the bottom when the subsequent 
currents of ebb or flood set in again. 

From the above it may be concluded that the 

sea floor, beyond the depth contours of 13 to 14 

| metres (off IJmuiden at least) has more or less 
| the character of an area of non-deposition. The 


sedimentation of the comparatively coarse sands, 


took propably place when sea level stood much 
lower than at present. Since then the material 
may have been slowly reworked by tidal currents 
in combination with the action of waves. 

The very low rate at which sediment is added 
to this general area is also reflected in the great 
quantities of dead shells relatively to the 
numbers of living molluscs, see Table VI. 
Even though the population density of the 
molluscs is fairly small, they result eventually in 
the production of important concentrations of 
shells, because the material is not diluted by 
newly supplied inorganic sediment. 

Another typical feature is the somewhat more 
rusty colour of the sand, as compared to the 
sand of the depositional environment closer to 
the shore. It is caused by the greater abundance 
of grains that are coated with thin films of 
iron-hydroxide, which in its turn is probably the 
result of the very long exposure of the sand to 
aerated water. 


Sources of sediments 


The data presented in the foregoing sections 
may not only be of practical value for the study 
of the present conditions along the Dutch coast, 
but they may also serve for a better under- 
standing of some of the details concerning the 
genesis of this coast. The original idea of the 
Dutch geologists was that it had developed as a 
long spit, starting at Calais in France, and 
gradually extending to the island Texel. Here, a 
second spit was supposed to have been formed, 
pointing in more easterly directions. The material 
of the spit between Calais and Texel was thought 
to be derived, by wave erosion, from the French 
coasts, This last hypothesis had to be abandoned 
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for many reasons, one of them being the fact 
that it did not agree at all with the mineralogical 
composition of the sand (e.g. Baak, 1936). 

Since then much attention was paid to the idea 
of a transverse supply of sand by wave action 
normal to the shore. This possibility was 
especially stressed after Timmermans (1939) 
published the results of his tank experiments on 
the influence of waves on beaches and the for- 
mation of sand bars. Yet, Van Veen (1936) was 
of the opinion that both processes: longitudinal 
and transverse transport of sand must have been 
involved. 

Now, it has been shown above that the present 
sediment distribution on the sea floor of IJmui- 
den points at any rate to some supply of sand 
(in deeper water) by wave action transverse to 
the coast. As to the other material of the barrier 
slope: the finer sediments of the lower parts and 
the coarse sands of the higher parts, it seems 
most logical to assume that it has been supplied 
by (weak) longshore transport. 

The relation between transverse and longshore 
supply of material to the coast has probably 
varied considerably in the course of the Holocene. 
In the writer's opinion, the longshore supply 
may have strongly dominated over the transverse 
supply during the Subboreal stage of rapid 
coastal advance. On the contrary, during the 
preceding stage(s) of coastal retreat during the 
Atlantic, when little or no material was (perma- 
nently) deposited under the influence of long- 
shore drift, the transverse supply may have 
resulted in the formation of a (or a few) thin 
sheet(s) of coarse sand, which gradually extended 
in easterly direction, its landward limit follow- 
ing the inward migration of the shoreline. This 
conclusion is based on data from a series of 
special borings through the coastal barrier com- 
plex between Scheveningen and Voorburg.® 

If this hypothesis is correct, it would mean 
that the bulk of the barrier sands has been 
supplied by longshore drift, and that the succes- 
sive barrier ridges in this area are more or less 
typical spits. These ridges extend, with a few 
interruptions, due to former inlets, from Monster 
to a little north of Alkmaar (Fig. 22). 

The advance of the coast in the Subboreal, as 
the result of longshore supply of sediment would 
then imply that at each place the removal of 
material towards the north-east and the north 
was surpassed by supply from the opposite 
direction. Thus, all along this part of the coast, 
the intensity of the beach drift must have de- 
creased from south (south-west) to north. This 


6 More details about these borings will be given in a 
future paper. 
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may have been primarily caused by the curvature 
of the coast with regard to the resultant wave 
directions. 

Although there can be little doubt about the 
directions of longshore transport of sand along 
the coast between Hoek van Holland and Bergen, 
less certainty exists regarding the source of the 
sediments. At present the rivers debouching at and 
south of Hoek van Holland do not bring signifi- 
cant amounts of sand to the coast, but they may 
have done so before, during the Subboreal, when 
the beach ridges were formed. Other possible 
sources are the shallow sea floor in front of the 
coast from Belgium to Hoek van Holland and 
parts of this coast itself. The sand could there- 
fore be partly of fluvial and partly of littoral or 
marine origin. 

Along the Frisian islands the intensity of 
longshore transport is much greater than in 
zone U, and hence more material is carried along 
their beaches than is supplied from zone U. This 
means that the sediment must come, at least for 
a great part, from other, local sources. 


One source is probably formed by the shore 
of the islands themselves, and the shallow parts 
of the sea floor in front of them. It is known, 
for example, that the whole North Sea shore of 
the island Vlieland has receded enormously 
during the last few centuries. Since 1688 this 
regression has amounted, on the average, to some 
215 kilometres. A conservative estimate of the 
quantities of sand removed would be of the 
order of 250 million m®, or about 1 million m? 
per year. The release of such great quantities 
must have considerably reduced the coastal re- 
gression (by longshore drift) of the next island, 
Terschelling. As a matter of fact, the total retreat 
of the northern shore of this island did not 
exceed more than some 100 metres, as follows 
from data published by Van Der Burgt (1936). 


Meanwhile, the presence of the inlet between 
Vlieland and Terschelling complicates the 
situation considerably. In general, only a part of 
the sand supplied by longshore drift along the 
North Sea beaches of the barrier islands can 
pass directly across the inlets and along the 
outer deltas. Another part travels along more 
indirect paths, via the Wadden Sea. A third 
portion disappears more or less definitely into 
the Wadden Sea, where it replaces other material 
which is removed towards the open sea environ- 
MEent. 


Is is probable that during the last few cen- 
turies this exchange was not complete, in other 
words that on the average the inward transport 
exceeded the outward transport. At any rate, this 
must have been so if the total volume occupied 


by the waters of the Wadden Sea, i.e. the con- 
tents of the Wadden Sea basin, has remained 
constant during this time. Then sand must have 
been stored into this basin, to counteract the 
deepening by the relative rise of the sea, and as 
replacement material for the (older) peat and 
clay layers that are continuously eroded in con- 
sequence of the lateral migration of the channels. 

If, what seems more likely, the contents of the 
Wadden Sea basin have slightly decreased in 
this period, owing to the intensive reclamation 
of polders (mainly on the southern side), the 
volumes of sand that were stored in it must 
have been still greater. But such a decrease in 
size of the Wadden Sea would cause at the 
same time a diminishing of the quantities of 
water passing in and out with the tides through 
the inlets, and hence of the average strength of 
the tidal currents. This in its turn would bring 
about a decrease in size of the outer deltas, and 
the sand thus liberated for longshore transport 
would make up at least partly for the loss of 
sand into the Wadden Sea. On the other hand, 
the action of waves and currents on the island 
shores, on the downdrift side of the inlets, must 
also decrease, because the sheltering effect of 
the outer deltas diminishes. The final result must 
therefore be a slight regression of these shores. 


To conclude, a few remarks may be made 
concerning the sources of the coastal sand 
between Bergen en Texel. It is known that this 
sand differs somewhat in composition from that 
south of Bergen. It is of a lighter colour (less 
coating with iron hydroxides), poorer in calcium 
carbonate, a little coarser and of a slightly dif- 
ferent mineral composition. These properties 
point to stronger admixtures of Pleistocene, 
terrestrial material. Apparently, the difference in 
composition of the sands north and south of 
Bergen is already an old feature, because it is 
also found, at approximately the same latitude, 
in the dunes, which date largely from the Middle 
Ages. 

Now, Pons and Wiggers (1958) have shown 
that between Petten and Huisduinen the top of 
the Pleistocene lies at depths of less than 8 metres 
(Fig. 23). Further south it slopes steeply down 
to 22 or 24 metres below Ordnance Datum (Du 
Burck, 1959). Here, it has been eroded by 
several successive inlets, e.g. during the period 
of the Wieringermeer deposits (circa 2500 B.C.) 
and the West Frisian II deposits (circa 1000 B.C.) 
(Pons and Wiggers, 1959, 1960). 

North of Petten the Pleistocene surface rises 
towards the north-west, where it is cut off by 
the present coast line. Obviously, a high, Pleisto- 
cene area has existed to the west of this coast, 
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lt may have been connected with the island 
Texel, where the Pleistocene crops out at several 
places. A small remnant of the area is present 
ion the sea floor directly off Petten, in the shape 
of a shoal, the ”Pettemer Polder” (Fig. 19). Its 
xop lies at 7 metres depth. A boring made by the 
Geological Survey (Van Eerde, 1959) showed 
hat below a cover of recent marine sediment, 
about 2 metres thick, it is composed of fine 
»srained Pleistocene sand. 

Other borings of the Geological Survey, on the 
beach between Petten and Callantsoog, prove 
that the recent littoral sands have here only a 
small thickness. Their base lies at depths of 
114 to 5 metres below Ordnance Level. Hence, 
the character of this part of the coast is quite 
different from that south of Bergen. Instead of 
a broad series of successive beach ridges one 
finds here only indications of coastal regression. 

It is therefore not difficult to account for the 
‚composition of the sand between Petten and 
Huisduinen, It represents a mixture of normal 
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beach sand, probably coming from the south, 
and reworked Pleistocene material of more local 
origin, viz. from the shallow parts of the sea 
floor in front of the coast. The latter is brought 
to the beach by wave action normal to the shore. 

As to the sand between Bergen and Camper- 
duin, this may have been partly derived from 
deeper levels of the Pleistocene, by erosion in 
the former inlets mentioned above. The eroded 
material must first have been deposited in the 
sea, as outer tidal deltas, on the sea shores, and 
behind the coasts as tidal flat sediments etc. 
Later on, when the inlets were closed and the 
outer deltas disappeared again, some of it may 
have returned to the coast. 

It is not impossible, that another part of the 
Pleistocene admixtures to the beach and dune 
sands at Bergen and Schoorl comes originally 
from the north-west. It has been shown in this 
paper that, at the present day, there can be only 
little longshore transport from south to north 
along this part of the coast. A change in coast 
direction from south-north to south-east—north- 
west might already lead, under these circum- 
stances, to a reversal of the sense of the drift. 
It is not all unlikely that in Subboreal times 
smaller or larger parts of the high Pleistocene 
area, that has existed west of the present coast 
between Petten and Texel, were situated above 
sea level. In that case wave erosion must have 
tesulted in the formation of a spit or of spits, 
extending in south-easterly direction. A recon- 
struction of this hypothetical situation is given in 
Fig. 23. It may be remarked that the idea of a 
longshore transport in this area in directions 
opposite to those along the other parts of the 
Dutch coast is not new. It has been suggested 
already in 1935, by Tesch. 


SUMMARY 


The orientation of elongate features of the Dutch 
coastal dune landscape shows considerable variations 
(Fig. 3). Some of them may be due to climatic flucta- 
tions, which caused changes in the distribution of 
winds during the periods when the dune relief was 
formed. But many variations must have another origin. 

One factor involved is the orientation of the fore- 
dune with regard to the winds. It strongly influences 
the initial direction of blow-outs. Another factor is 
probably the varying width of the dune depressions, in 
combination with the difference in direction of the 
strongest and of the most frequent winds. 

Meteorological observations made on lightships off 
the Dutch coast show that from 1949 to 1959 the 
resultant directions of strong winds (Beaufort 6-12) 
had distinctly higher azimuths (almost due west) than 
those of the more frequent, weaker winds (approxi- 
mately west—south-west). Similar differences may have 
existed in earlier periods. The relatively weak, but 
frequent winds must have a greater effect on dunes 
surrounding large depressions than on dunes around 


390 


small ones. Hence the directions of large dune pans 
must have, in general, lower azimuths than those of 
smaller blow-outs. 

From wave observations made on the same light- 
ships, during the same period, it may be concluded 
that the longshore transport of sand at the present time 
is very active along the North Sea beaches of the 
Frisian barrier islands (from west to east), that it is 
less important along the coast between the Belgian 
frontier and the vicinity of Noordwijk (from south- 
west to north-east), and that it is rather ineffective 
between Noordwijk and Texel (Fig. 8). 

These conclusions are in agreement with the mor- 
phology of the beaches (direction of “gullies cutting 
through swash bars etc.). The littoral drift along the 
Frisian islands gives rise to migrations of the inlet 
shores. The direction of shifting may be in the sense 
of the residual transport of sand, or against it. The 
North Sea beaches of the islands may also undergo 
displacements as a result of this longshore drift. Where 
the removal of sand exceeds the supply from the op- 
posite side, the shore retreats. Such conditions may be 
due to seaward convexity of the general coast line, to 
degeneration of outer tidal deltas and to losses of sand 
into the Wadden Sea basin behind the islands. More- 
over, residual transport in directions normal to the 
shore may play a part. 

Migrations of the beach are also observed along the 
other parts of the Dutch coast. Fig. 15 gives the 
changes in position of the low tide line between Cam- 
perduin and Scheveningen from 1843 to 1958. The 
variations are the result of changes in the distribution 
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PRELIMINARY NOTE ON THE GEOLOGY OF THE CORDILLERA VILCABAMBA 
(SE PERU), WITH EMPHASIS ON THE ESSENTIALLY PRE-ANDEAN ORIGIN 
OF THE STRUCTURE 


C2 G7 EGEELER and T. DE BOOY 


Due to exceptional circumstances the proof of this article, which was published in the September issue of 
Geologie en Mijnbouw p. 319-325, was not read by the authors. The corrections were made by the editor but, 
much to his regret, several errors were overlooked. Besides this, the strong reduction of the map (fig. 1) made 
the names not easily readable. 

Moreover the authors had in mind to alter, to delete and to add some words and sentences. 

Together with an improved reproduction of fig. 1, the errata and changes are given below. 


the editor 
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Fig. 1 — Index map of part of the Cordillera Vilcabamba, giving localities 


mentioned in text 


De 097 


324, right PO 3 rom 


324, right „ ’ ” 6 „ 


bottom: 


1 of caption fig. 


top: 


bottom: 


a itsaterk 


: „Lower Paleozoic” read „Devonian” 
: „exclusively” read „predominantly” 
: „consist” read „consists”. 

: delete sentence „It forms part .... belt”. 
: „rocks types” read „rock types”. 

: „Lanvirn” read „Llanvirn” 

: „occurence” read „occurrence”. 

: „yieded” read „yielded’. 

: „conspicious” read „conspicuous”. 

: „Lower Paleozoic” read „Devonian”. 
: fusulinea” read „fusulinid”. 

: „occuring” read „occurring”. 


: „Huayllababmba’” read „Huayllabamba”. 


1» 


: „to Huancane&” read „to the Huancane’”. 
: „Kalafatovitch” read „Kalafatovich”. 

: „Copocabana” read „Copacabana”. 

: „Lower Paleozoic” read „Devonian”. 


: „Lower Paleozoic” read „Devonian”. 


„> 


eadn tesa. 
„Carabaja’” read „Carabaya”. 

5: „(Qtz + SI)” read „(Qzt + SI)”. 
„Cretageous” read „Cretaceous”. 


delete „merely”. 


325, line 2 of caption to fig. 6: „Ollantayrambo” read „Ollantaytambo”. 


p. 319, left column, line 11 from 
Ps919, left TE NEE 
p- 319, right Se EN 
p- 319, right Ge 
- p. 320, left Re ES NS 
" p. 320, right Bricht. Sa: 
P- 321, left N er RE 
p. 321, left et 
p. 321, lefr. EEE 20 5, 
RIBS2 1, richt a ZN 
p- 321, right Men oe 
p- 321, right TER IEF TER 
| p. 322, right EEE 
pP. 322, right tet ALlSe ,t, 
p. 322, right RER TEEN 
pP 323, left De ZA 
ep. 323, right RE EN 
p. 323, tight TEEN CE 
PIS235 «icht lo 23 
p- 323, right Are Sr, 
p- 324, left re, 
p. 
p. 
p. 
p- 


325, right column, line 5 from top: „This assertion” read „Ihis latter assertion”. 


je) 


Benavides (personal communication)... 


325 left column, line 8 from top: after „Bolivia”. add the sentence „The exposure of the pre-Andean 
tures must be largely attributed to fairly recent - late Tertiary - movements, as pointed out by our colleague V. E. 
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struc- 


p. 325, right column, at the end: add the sentence „Thanks are also due to Dr. V. E. Benavides for reading the 
manuscript and offering several valuable suggestions, and to Mr H. E. Rondeel for the making of several of 


the drawings.”. 


p. 325, in literature cited: Francis G. H. (1956) „de la zone” read „de la zona”. 


Katz H. R. (1959) „in dem Südostlichen. .” 


read „in den Südostlichen. .”. 
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PRODUKTIEGEGEVENS STEENKOLEN E.G.K.S. OVER SEPTEMBER 1961 


Duitsland Belgie Frankrijk Italie Nederland E.G.K.S: 
Produktie (1000 t.) 
Een ae 1961 INS 1.807 4.146 70 978 18.166 
september 1960 11.564 1.937 4.562 58 1.060 19.182 
Aantal arbeiders o.g. (1000 arb.) 
En = 3.9.1961 282,9 63,4 118,7 Der 26,9 494,1 
per 30-9-1960 298,4 72,6 126,5 DD: 28,4 528,1 
Prestatie o.g. (kg) 
week v. d. 3-9-1961 DIN 125. 17853 1.765 22 2.064 
september 1960 2.066 1.627 1.809 1.364 1.809 1.930 
Voorraden (1000 t.) 
per 3-9-1961 8.917 5.631 12.941 7 646 28.141 
per 30-9-1960 9.570 6.979 122025 142 752 30.468 


BRROREEZEKTEBESERFSENR 


Paleogeologic maps, by A. I. Levorsen. VIII + 
174 pp., 106 figs.. W. H. Freeman and Com- 
pany, San Francisco and London, 1960. Prijs 
geb. $ 6.00. 


Among the many new books published every year, 
only a few deviate from a certain standard pattern. The 
book under review is such an exception. Devoted to a 
single topic it gives a full account of one out of many 
possibilities to represent geological data graphically. 
The author defines palaeogeology as that branch of 
geology "that considers the geology of an area as it 
existed at some time in the geologic past” (p. 2). A 
palaeogeological map then aims at picturing a certain 
area such as it would have appeared to a geologist at 
that time. For many investigations such maps can be 
very useful. In order to do so a palaeogeological map 
should contain a minimum of interpretation. However, 
its construction faces to-day’s geologists with many 
problems quite different from those which arise in 
actual mapping. A certain amount of interpretation 
therefore is unavoidable. The problems involved are 


RÜE Kl NZ GzErEen 


clearly exposed in ch. 2. Chapter 3 constitutes an in- 
structive summary of different types of investigations 
in which palaeogeological maps can be useful. 


The remaining three chapters contain examples of 
several types of palaeogeological maps. The scale of 
the maps gradually decreases and at the same time the 
area represented increases from oil field to whole con- 
tinents. 


This book is a very welcome addition to geological 
literature. Still a critical remark should be made. After 
the definition of palaeogeology referred to already, the 
author continues by giving a definition of a palaeogeo- 
logical map: "a geologic map of the formations im- 
mediately below a surface of unconformity”. This 
seems an unfortunate formulation. It would mean that 
a palaeogeological map is the same as what has long 
been known as an "uncovered” map. In certain circum- 
stances the two may be the same, but fundamentally 
they are not. Remarkably enough this is also recognized 
by the author. The end of ch. 2 deals briefly with 
"worm's eye” or ”lap-out” maps. These present a 


picture of the lower surface of the overlapping for- 
mations, as seen from below the surface of uncon- 
formity. If the construction of such a map is worth 
while it may be assumed that at least two units are 
represented on it. In general this means that the surface 
ot unconformity is not a synchronous surface. Neither 
does it then represent a palaeogeological map. This 
point seems to be somewhat neglected. 


A. Br. 


Geologie von Mitteleuropa, von P. Dorn. 2. 
Aufl., 16 x 24 cm, XVI + 488 S., 126 Abb,., 
20 Taf. und 11 Tab. E. Schweizerbart’sche 
Verlagsbuchhandlung (Nägele u. Obermiller) 
Stuttgart, 1960. Prijs geb. DM 64.-. 


De tweede druk van deze goede en nuttige samen- 
vatting van de geologie van Midden-Europa is in ver- 
gelijking met de eerste druk (1951) vrij sterk uitge- 
breid. Gedeeltelijk is dit het gevolg van de verschijning 
van veel nieuw werk in de laatste tien jaar, gedeeltelijk 
van de uitbreiding van een aantal aanvankelijk wat 


summier uitgevallen hoofdstukken. Zo is b.v. het hoofd- _ 


stuk over de stratigrafie van de Harz aanzienlijk uitge- 
breid, terwijl de hoofdstukken over de Sudeten en Bo- 
hemen opnieuw bewerkt zijn. Ondanks deze uitbrei- 
ding van de inhoud (naar schatting zeker wel 20%) 
is de omvang van het boek nauwelijks toegenomen 
door het gebruik van een iets kleinere letter. 

De algemene opzet van het boek is overigens in we- 
zen onaangetast gebleven, zodat de twee gedeelten over 
het variscische (en het daarmee in verband staande pre- 
variscische) en het saxonische Midden-Europa ook nu 
weer het leeuwendeel van de stof vormen. Zij worden 
voorafgegaan door de behandeling van de noordduitse 
laagvlakte (in ruime zin) en gevolgd door het opzette- 
lijk beknopt gehouden deel over het alpine Midden- 
Europa. Hieruit blijkt reeds dat Midden-Europa in 
geologische zin een betrekkelijk willekeurig gekozen 
eenheid is. De grenzen in het noorden en in het oos- 
ten, resp. tegen het Baltische schild en tegen de Rus- 
sische tafel, worden scherp in acht genomen; de grens 
in het zuiden wordt welbewust en tegelijk voorzichtig 
overschreden, terwijl in het westen nauwelijks van een 
begrenzing kan worden gesproken. Het gevolg is dat 
wel het Noordzeegebied (in engere zin) en de Arden- 
nen besproken worden, maar niet het Bekken van 
Parijs. 

Over de uitstekende wijze waarop de dikwijls nau- 
welijks nog te overziene regionale literatuur is ver- 
werkt, is bij de bespreking van de eerste druk reeds 
gewezen. Slechts iemand, die zelf voortdurend genood- 
zaakt is zich in de regionale literatuur te verdiepen, 
kan zich een voorstelling maken van de hoeveelheid 
werk, die hier verzet is. 

Als een grote verbetering moet ik tenslotte nog sig- 
naleren dat aan het einde van het boek ongeveer 1000 
geschriften voluit geciteerd zijn. In de eerste druk werd 
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het aan de lezer overgelaten om met behulp van een 
tefereertijdschrift de bronnen terug te vinden. Helaas 
is de kleine gekleurde geologische overzichtkaart in 
deze druk weggelaten. 

AN Bi, 


Studies in Paleobotany, by Henry N. Andrews, 
Jt, X + 487 p., 181 fig., John Wiley & Sons 
Inc., New York, 1961. Prijs geb. $ 11.75. 


Waarschijnlijk zijn er, verhoudingsgewijs gesproken, 
veel meer botanici door de paleobotanie bekoord dan 
zoölogen door de paleozoölogie. Ook dit boek weer- 
spiegelt de botanische afkomst van de schrijver onmis- 
kenbaar in diens voorliefde voor fossiele groepen van 
planten die van belang zijn voor het begrip van re- 
cente groepen. Voor gebruik door geologische studen- 
ten lijkt mij dat eerder een voordeel dan een nadeel. 
Overigens is het boek duidelijk bestemd zowel voor 
aanstaande geologen met weinig botanische kennis, als 
voor aanstaande botanici met weinig geologische ken- 
nis. 

Aan algen en Fungi wordt nauwelijks aandacht be- 
steed - hetgeen ik vooral met het o0g op de grote geo- 
logische betekenis van algen betreur -, zodat het boek 
in hoofdzaak de ontwikkeling van de vaatplanten volgt, 
van de psilophyten, via de coenopteride varens en de 
pteridospermen naar de angiospermen (in navolging 
van Bold hier antophyten genoemd). Zoals de schrijver 
zelf ook erkent, passen sommige takken van de pteri- 
dophyten slecht in dit beeld. Dit leidt dan vanzelf tot 
een enigszins onotthodoxe volgorde van de systemati- 
sche hoofdstukken. De Iycopodophyten en een aantal 
andere groepen, ook de koniferen, komen pas na de 
angiospermen aan de beurt. Heel prettig is dat aan ver- 
scheidene weinig bekende, maar uit fylogenetisch oog- 
punt belangrijke groepen ruimschoots aandacht wordt 
geschonken. 

Naast de hoofdzakelijk systematische hoofdstukken 
vindt men er enkele, die meer biogeografische aspecten 
belichten. Zo worden de fossiele flora’s van de arcti- 
sche en de antarctische gebieden in een afzonderlijk 
hoofdstuk besproken. Hetzelfde geldt voor de boven- 
paleozoische en ondermesozoische flora’s. Deze beide 
hoofdstukken belichten enkele paleobotanische proble- 
men uit een andere gezichtshoek. 

Een andere karakter hebben ook de twee laatste 
hoofdstukken, over palynologie en over paleobotanische 
technieken. 

Enkele bezwaren tegen het boek als leerboek - want 
ondanks de titel is het duidelijk een leerboek - werden 
ter loops reeds genoemd. Daar staan voordelen tegen- 
over. Het duidelijke standpunt dat de schrijver in- 
neemt, en een zekere voorkeur voor nog onvoldoende 
opgeloste problemen, maken het boek tot stimulerende 
lectuur, waardoor het gunstig afsteekt bij vele andere 


leerboeken. 
A Br 
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Belangrijke mijnindustrie zoekt voor hare onderaardse werken in Rwanda 


MIJNINGENIEUR 


ongeveer 30 jaar oud, ervaren in de mijnontginning der overzeese gebieden. 


De voorkeur gaat uit naar een candidaat met voldoende kennis der Franse taal. 


Aanbiedingen onder nummer 11-61 aan Adm. Geologie en Mijnbouw, Hofwijckstraat 9, Den Haag. 


SEES 


Jjuist verschenen: 


de grote 
wereldatlas 


» 104 kaartbladen 

» buitengewoon fraai kaartbeeld 

» register met ca. 130.000 trefwoorden 
» formaat 24x 32 cm, balacuir band 


eze atlas is de Nederlandse co&ditie, in de bewerking van Dr.F.j.Or- 
eling, van de Grote Wereldatlas die in samenwerking van honderden 
:ografen en technici over de hele wereld verspreid, tot stand isgekomen; 
j verschijnt ook in 5 andere taalgebieden, in een Deense, Duitse, Finse, 
jaanse en Zweedse editie. 


et is een standaardwerk geworden dat lange jaren de vraagbaak zal 
orden voor ieder die zich voor de geografie interesseert of over betrouw- 
ire aardrijkskundige gegevens wil beschikken omdat hij deel wil hebben 
n het wereldgebeuren. 

:n index waarin 130.000 namen zijn opgenomen garandeert dat deze 
‘on bijna nooit tevergeefs zal worden geraadpleegd. 


e kaarten zijn ondanks de vele gegevens die zij bevatten duidelijk geble- 
:n, allenamen zijn vindbaar. 


og nimmer is een dergelijke uitgebreide atlas in het Nederlandse Intekenprijs 292505 
algebied verschenen. 
'n uitgebreid prospectus is op aanvraag verkrijgbaar. na 10 december 1961 125130 
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KOLENVERWERKING 
WASSERUEN,SYSTEMEN STAMICARBON | 
O.A. STAATSMIINEN CYCLOON- EN | 
DRIJFWASPROCEDE’S 
MECHANISCHE KOOLWINNING 
O.A. SCHRAPER- EN SCHAAFINSTAL- 
LATIES 


TRANSPORTINRICHTINGEN 


R f 
FR 


A/B 


MD/MN 


077 MULTISCHAAFINSTALLATIE 


Leveranties in: 
Nederland, Belgie, Frankrijk en Engeland 


NE SER 


RESSER 


° lekdicht 


bor h et ° flexibel 
N ° gemakkelijk en snel 
j talleren te monteren 
| ° geschikt voor buizen 
‚pareren met gladde einden, 
a) in diverse materialen 
ipleidingen ° voor gas, water, olie, 
| | enz. 
%* Leverbaar voor 
buizen 2” tot 72” 
Al-Techniek Amsterdam nv 
Pin Amsterdam-O, tel. 743874, postbus 4064 (O), Industrieterrein Amstel, Willem Fenengastr. 33-35 


ondergrondse 
Personenwagen 


staalconstructie en machinefabriek ® pijpleidingen voor hoge en lage druk 
transportbanden @e emmerladders 


apparaten voor de chemische industrie @ ondergrondse mechanisatie 


GELEEN 


van riet 
B BURG. LEMMENSSTR. 123 


staalbouw en montagebedrijf n.v. 184 0++9+3241- <= line) 


MINLOCOMOLIEVEN % Luchtcompressors. 


Naamloze W.A. HOEK’s Postbus 78 
Vennootschap MACHINE- EN ZUURSTOFFABRIEK SCHIEDAM 


VOOR ALLE JAARGANGEN 
LEVEREN WI) 


VERZAMELBANDEN 


UITGEVOERD IN GRIJS NATUURLINNEN 
EEN BIZONDER MECHANIEK MAAKT 
HET MOGELIJK DE 12 LOSSE NUMMERS 
OP EENVOUDIGE WIJZE IN DE BAND 
TE BEVESTIGEN 


Hi 3 7 EXCLUSIEF 
5 VERZENDKOSTEN 


BESTELLINGEN RICHTEN AAN 


DE ADMINISTRATIE VAN „GEOLOGIE EN MIJNBOUW” 


HOFWIJCKSTRAAT 9 . 's-GRAVENHAGE 
TELEFOON (070) 111875 


j' bij de wagonbouw weet men wat SG ijzer waard is! 


„spoiten voor wagons: een goed voorbeeld fü IE Eaik uam Ham al Eu ka EEE EAzEa Guam Kan 


van een geheel bewerkt serieprodukt. sa TYPE C 
Materiaal: SG ijzer type C. (sferoidaal grafiet gietijzer) 
aarom SG ijzer? De goede bewerkbaarheid, TREKSTERKTE 

de hoogwaardigheid en vooral ook de 42-55 kg/mm2 
Detrouwbaarheid van dit materiaal ELASTICITEITSGRENS 
ziin beslissend voor de fabrikanten van 32-45 kg/mm? 
ie aslagers om SG te kiezen REK 
voor de aspotten. 10-20 % 
BRINELL WAARDE 
TECHNISCHE 160-210 


Machine-industrie - chemische 
industrie- appendage-industrie- 
motoren-industrie - transport 
installaties - electrotechnische 
industrie - wegenbouwmachi- 
nes - rollend materieel - mijn- 
bouw-industrie - constructie- 
bouw - landbouwmachines. 


WOORLICHTING 


V 


Het meesterteken op 
alle Vulcanus-gietwerk 


ze afdeling Technische Werk- 
»orbereiding en ons Laborato- 
um dienen U graag van advies 
j vormgeving en materiaalkeu- 
® van het gietstuk. 
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Ringdij 


